This review analyses the major themes extant across 199 research articles published in various peer-reviewed forestry and economics journals between January 2002 and June 2009 on the topic of forest-related environmental markets. The reviewed articles are categorized according to four areas of research: forest stewardship and sustainable supply chain certification; renewable energy generation from woody biomass; forest-based greenhouse gas emissions offsets and carbon markets; and ecosystem services from forests. Two key research questions are identified for future research: (1) how can certification schemes be used to promote ecologically and socially sustainable bioenergy generation from forest-related feed stocks and (2) how can certification schemes be used to promote ecologically and socially sustainable afforestation-based greenhouse gas emissions offsets that offer broader social and ecosystem benefits on appropriate regional scales?
Introduction
Environmental markets have been the subject of increasing public interest over the last 10 years. Such markets have been important features of government policies aimed at dealing with climate change, natural resource conservation and sustainable development, poverty alleviation and the development of renewable energy sources. Environmental markets have also attracted substantial interest from the business sector, with businesses increasingly engaging in a variety of environmental market activities associated with minimizing their exposure to risk, pursuing opportunities for competitive advantage and demonstrating their sustainability credentials to consumers and other key stakeholders. Environmental markets have emerged to be widely considered as important and useful tools in the pursuit of effective and cost-efficienť environmental management outcomes. Concurrently, research on environmental markets has increased, both in terms of the numbers of studies undertaken and the diversity of topics studied (as demonstrated in the reviews by [1] [2] [3] ). Moreover, research on environmental markets has become increasingly interdisciplinary, reflected in the range of journals in which results have been published. Environmental market research has also extended to not only include research on market-based indicators but also research on innovation and entrepreneurship, marketing and communication, sustainable governance and environmental management.
Forests have featured prominently in the environmental market policy and research discourse. Forests play critical roles in climate change mitigation policy, renewable energy development and people's livelihoods in both developed and developing economies. Forests also provide many valuable ecosystem services, such as habitat for wildlife and important roles in the health of water catchments. For these reasons, there has been a substantial and growing amount of research focused on how forests feature in and are influenced by environmental markets. This review aims to identify the main theme extant in this research and to identify priority questions for future research.
In this review, forest-related environmental markets are defined as, 'forest-related markets associated with addressing environmental problems'. This is an intentionally broad definition that is aimed at capturing a wide variety of themes including those on how forests feature in climate change mitigation activities, how markets have been used to support ecosystem services from forests, how forests have been used in the development of cleaner forms of energy production and how market-orientated management systems such as stewardship certification have been used to promote more sustainable forest management. While the objective of this review is to identify the major themes extant in the forest-related environmental market literature, it is not intended to compare trends overtime or across publication forums.
Review Method
Most of the articles reviewed in this paper were identified by surveying the tables of contents of numerous highprofile forestry and economics journals (a list of these journals is provided in Appendix I). The review sample was expanded by searching the reference lists of selected articles. The search was also augmented with internet and database keyword searches using search terms such as those listed in Appendix I. Only peer-reviewed journal articles published between January 2002 and July 2009 were included in the review. Articles which are accepted but not published (available online) by July 2009 are also included. A total of 199 articles were identified and included in the review (the reference list provides a full list of these articles). Each article was categorized according to the scheme presented in Table 1 . This scheme involved grouping articles in terms of their alignment to four categories of research: (1) forest stewardship and sustainable supply chain certification; (2) renewable energy generation from woody biomass; (3) forest-based greenhouse gas emissions offsets and carbon markets and (4) ecosystem services from forests (other than related to emissions offset). Research problems associated with forest-related environmental markets tend to be multidimensional and interdisciplinary by nature, and many of the reviewed articles included subject matter that extended across more than one of these categories. But all of the articles reviewed did have a central theme that aligned predominantly with one of these research categories and the authors made a subjective decision as to which category each article best aligned with. Each article was reviewed with the main themes extant in the literature and the key issues for future research in each category identified (these themes and issues are summarized in Table 1 ).
Forest and Forest Products Certification
Forest and forest products certification involves the certification of forests or forest products against standards of good forest management set by independent organizations, in order to demonstrate that the certified forests are being managed sustainably according to those standards, or the certified forest products are sourced from forests that are being managed sustainably according to those standards. Most forest and forest products certification standards encompass values such as protection of biodiversity, sustainable harvest levels, protection of water quality and regeneration. There are currently more than 50 forest and forest products certification programmes in operation worldwide. The two largest umbrella certification programmes are the Forest Stewardship Council and the Program for the Endorsement of Forest Certification schemes programmes.
The research literature in this category highlighted that certification of sustainable forest stewardship and sustainable forest products supply-chain practices is now firmly embedded within mainstream forest products markets. The most common research issue investigated was whether forest certification had resulted in more sustainable forest management outcomes, and if so, whether certification was an effective policy tool to promote better forest management. The clear majority of articles presented evidence indicating that certification did indeed contribute to more sustainable forest management outcomes. But a small number of articles criticized some cases of forest stewardship certification for their failure to transfer the financial gains of premium retail prices for certified timber into premium returns for the forest growers and wood suppliers (e.g. [27] ).
Hartsfield and Ostermeier [16] conducted a survey of FSC-certified forest management organizations in North America, focusing on, amongst other things, the impacts that certification has had on forest management practices in the region. Participants were asked to describe changes that they made in land management planning as a result of certification. Results revealed that certification often necessitates better procedures for inventory, monitoring and documentation. For example, seven of the organizations surveyed had no stakeholder processes before becoming certified. Some participants explained that certification also initiated data collection activities for rare or special species or sensitive areas managed by their organizations. Hartsfield and Ostermeier [16] 's survey results suggested that certification is expanding the scope of forest planning to include a wider variety of social and ecological considerations. Likewise, Hain and Ahas [15] studied the environmental, social and economic impacts of FSC certification in state-owned forests in Estonia. The authors used data collected from stakeholder interviews and surveys, and a field inventory of managed forests. Results revealed that certification has helped to improve http://www.cabi.org/cabreviews several social and environmental aspects of forest management. Similarly, in a global review of the effectiveness of forest certification schemes, Rametsteiner and Simula [38] concluded that forest certification has been successful in raising awareness and disseminating knowledge on a holistic sustainable forest management concept: thereby contributing to better forest management in certified forests.
Most studies focused on certification of forest management and forest products supply chains in developed economy settings (e.g. [14, 22, 34 , 36]), with a minority of articles investigating issues in forest supply chains located predominantly in developing countries (e.g. [18, 23, 38] ). Certification was generally found to support sustainable forest management practices in both developed and developing economy contexts, although some studies reported that improvements in forest management were difficult to verify in some developing-country cases because of problems of 'leakage' (where neighbouring communities continue to exploit the forest in question for Certification is now embedded in mainstream wood markets. Most research has presented evidence indicating that certification makes a positive contribution to sustainable forest management practices in both developed and developing country contexts. Recent research has begun to focus on how certification can not only be used in wood products markets but also in markets for bioenergy and emissions offsets, to support better associated ecological and social outcomes.
Energy production from woody biomass: research on woody biomass as a source of renewable energy (42 articles reviewed) There has been increased interest in bioenergy development over recent years as more governments around the world establish mandatory renewable energy use targets.
Cartage distance between feedstock source and energy production facility, and feedstock moisture content have been found to be the most influential factors on the financial feasibility of woody biomassbased energy production enterprises. Recent research has focused on the ecological and social impacts of increased demand for bioenergy on forests and forest-dependent communities. Most articles highlight the need to ensure that future bioenergy developments -including those that use woody biomass from forests and those that use biomass from other sources but impact on forested lands -take account of these broader ecological and social considerations.
Forests and carbon markets: research into the development of greenhouse-gas emissions offsets, including forest related CDM projects and REDD. (55 articles reviewed)
[90-145] Most research on carbon markets and forests has focused on how forests can be used as emissions offsets in carbon markets.
Research in this category can be divided into research related to (1) afforestation and reforestation activities developed through CDM projects and (2) the management of native forests for emissions benefits through concepts such as REDD. Most research has focused on how to measure carbon sequestered in forests.
A growing number of articles have investigated how to best include REDD in regulatory carbon market policy, including how to properly measure carbon in REDD projects, how to manage leakage and how to design and put into practice appropriate governance and financial support frameworks.
Research has also highlighted that there are various constraints to landholders, particularly small-scale landholders, engaging in carbon markets.
Ecosystem services from forests: research on the design and performance of market systems intended to support the health of ecosystem services provided by forests. (58 articles reviewed) Most research has focused on the notion of PES. Most research on PES from forests has investigated how to value ecosystem services from forests. Most research has investigated biodiversity conservation and water quality as ecosystems services from forests, with a minority of articles investigating eco-tourism and bio-prospecting. While some forest-related PES schemes have succeeded in providing income for ecosystem services, very few are true 'markets' -most schemes still rely on government or philanthropic support to remain viable.
firewood, housing materials and food, to the detriment of the ecological health of the forest).
A handful of articles examined the reasons why woodproduct processing companies decide to become certified under forest stewardship certification schemes. Financial gain and corporate legitimacy reasons found to be the key motivations (e.g. [35] ). A growing number of recent articles have investigated the role of certification in nonwood markets such as in payment-for-ecosystem service schemes (e.g. [206] ), CDM projects (e.g. [97] ) and the impacts of various types of bioenergy production systems associated with forested lands ( [74] ). These studies generally highlighted the opportunity to use effectively designed certification schemes to support better social and ecological outcomes from non-wood product forestrelated utilization activities. Indeed, future research would be well directed at expanding these themes and investigating how certification can be used to support the social and ecological dimensions of forest-related bioenergy and greenhouse emissions offset developments. This is particularly the case given that forest-related bioenergy and offset developments are likely to have varying degrees of social and ecological benefits in different regions and localities. Government climate change mitigation and renewable energy policy would be enhanced if it was designed to better support social and ecological outcomes with appropriate recognition to these regional scales, and not singularly focus on volumes of sequestered carbon or volumes of renewable energy produced. If environmental market policy is designed appropriately, certification schemes can play an important role in harnessing market forces to enable forest-related bioenergy and offset projects that incorporate not only climate change mitigation benefits but also broader social and ecological benefits to be paid a price premium. Future research would be well directed at investigating how such certification schemes should be designed and whether consumers would be willing to pay more for bioenergy and offsets that incorporate broader social and ecological benefits.
Energy Production from Woody Biomass
Wood can be used as a source of bioenergy through a diverse range of processes and products, from direct combustion and gasification to supply heat and electricity, to gases and liquid fuels derived from a variety of processes. Figure 1 shows the various ways in which woody biomass can be used for bioenergy. Bioenergy from woody biomass offers numerous advantages as a source of renewable energy, including that it can be used for base-load electricity production, and that in some cases, it is a lower-cost alternative to other sources of energy.
Most articles in this category investigated the dynamics of developing woody biomass as a feedstock for electricity and heat generation. Interest in woody biomass for energy production has grown over the last 10 years as more countries have adopted mandatory renewable energy use targets and cap and trade-based greenhouse gas emissions trading schemes; each of which provide incentives for the expansion of energy production from sources of renewable feedstock. Some articles have focused on issues affecting the development of woody biomass-based energy production enterprises, and particularly on the economic factors affecting the feasibility of those enterprises (e.g. [57, 77] ). Research has highlighted that factors such as the cartage distance between woody biomass source and energy production facility and the moisture content of the woody biomass, are critical factors in determining the financial feasibility of woody biomassbased energy production enterprises.
As commercial interest in bioenergy production has grown, so too have concerns over the broader ecological and social impacts of related activities. Numerous recent articles have investigated the impacts that growing demand for woody biomass in both developed and developing economies has had on deforestation, food production and the livelihoods of forest-dependent communities (e.g. [49, 56, 74, 81, 89, 112, 124] ). Research has also focused on how the growth in demand for other bioenergy feedstocks, such as palm oil, have influenced deforestation. A constant theme in the literature is that increased demand for bioenergy feedstocks can and often has led to negative ecological and social impacts on forests and forest-dependent communities, particularly in developing-country contexts, and that there is a clear need to ensure that future bioenergy developments, including those that use biomass from forests for energy production, are undertaken in a way to minimize these broader adverse impacts. Future research should be directed at how markets can be used to recognize and reward bioenergy developments that support the ecological and social dimensions of their feedstock supply. Certification schemes may have a role in this respect, and future research should also be directed at how government policy can support the design, implementation and effectiveness of sustainable biofuels and bioenergy certification schemes.
Forests and Carbon Markets
Carbon markets are defined here as those markets associated with the trade of greenhouse gas emissions offsets and regulator-issued permits (mandatory and voluntary) to emit greenhouse gases. Greenhouse gas emissions offsets are defined as tradable quanta (in tCO 2 e) of sequestered greenhouse gases and avoided greenhouse gas emissions that can be used by organizations to reduce their net reportable greenhouse gas emissions. In this review, the focus is on the role of forests as offsets in both regulated and voluntary carbon markets. Most research that has been conducted since 2003 on forests and carbon markets has been concerned with the dynamics of either how afforestation and reforestation activities are developed as emissions offsets through the Clean Development Mechanism (CDM), or how offsets might be developed through the management of natural forests through the concept of Reduced Emissions from Deforestation and Degradation (REDD). To date, REDD has only featured in voluntary carbon markets. There has also been some research on how afforestation and reforestation can be developed as offsets under nationallevel emissions trading schemes that include provisions for offsets from the management of domestic planted forests, such as the proposed Carbon Pollution Reduction Scheme in Australia. The majority of research in this category has been concerned with measuring carbon sequestered in forests, including planted forests (e.g. [133] [134] [135] ) as well as in natural forests through management for REDD (e.g. [105, 114] ). Many recent articles have also discussed how REDD can be effectively incorporated in regulated carbon market policy. Beyond discussion of how to best design standard methodologies to measure saved or sequestered carbon in REDD projects, these articles have also discussed how factors such as leakage can be managed, and how supportive governance and finance frameworks can be designed to facilitate successful implementation of REDD projects. In the context of REDD, the term leakage has been defined by the Intergovernmental Panel on Climate Change in its special report on Land Use, LandUse Change and Forestry as '. . . the indirect impact that a targeted land use, land-use change and forestry activity in a certain place at a certain time has on carbon storage at another place at another time', and the 'unanticipated decrease or increase in GHG benefits outside of the project's accounting boundary. . . as a result of project activities'. Leakage in forest conservation initiatives is an intricate and diverse phenomenon, manifesting itself in numerous ways including market impacts, human migrations, ecological feedback and product life-cycle changes ( [208] ). Successful REDD projects require the effective control of leakage and the effective control of leakage requires that both proximate causes (e.g. land-use changes) and the underlying forces (e.g. poverty and land tenure) of deforestation be addressed.
A key question for future research is how to overcome the key constraints impeding the engagement of more land and forest holders in carbon markets, particularly small-scale landholders in developing countries. For example, as of July 2009, only four of the almost 2000 registered CDM projects were defined as afforestation or reforestation projects, despite the many sustainable development benefits potentially offered through forestrelated projects: why is this the case? Some authors have already called for the CDM to be revised to address some of these constraints, including for the CDM registration process to be simplified and for the role of the CDM Executive Board to be one of facilitation rather than one of adjudication.
Ecosystem Services from Forests
Ecosystems services include products such as clean drinking water and processes such as the decomposition of wastes, and are commonly grouped into four broad categories: provisioning, such as the production of food and water; regulating, such as the control of climate and disease; supporting, such as nutrient cycles and crop pollination; and cultural, such as spiritual and recreational benefits. Forests can provide numerous ecosystem services, such as in enhancing biodiversity conservation, water quality and soil health. Most of the research on how environmental markets can be used to foster ecosystem services from forests has focused on the notion of 'payment for ecosystem services' (PES) in developing-country contexts. Most PES research has investigated how to value ecosystem services from forests and how to discover prices for ecosystems services through various types of auction mechanisms (e.g. [152, 163, 175, 179, 187, 193, 199, 207] ). Most PES research has focused on how forests enhance biodiversity and water quality as ecosystems services, with a minority investigating ecotourism (e.g. [176, 177, 200] ) and bio-prospecting: the search for useful products and medications in forests (e.g. [155, 162] ). Research has revealed that while many PES schemes have succeeded in providing income streams for ecosystem services from forests, most are not yet 'true' markets and still depend on support from philanthropic and government sources (e.g. [192, 202] ). Engel et al. [164] provide a useful typology of PES schemes.
Concluding Remarks
This review has highlighted the major themes extant in the peer-reviewed research literature on forests and environmental markets (summarized in Table 1 ). The review has identified two broad key questions for future research. Firstly, how can certification schemes be used to promote ecologically and socially sustainable bioenergy generation from forest-related feedstocks? And secondly, how can certification schemes be used to promote ecologically and socially sustainable afforestation-based greenhouse gas emissions offsets that offer broader social and ecosystem benefits on appropriate regional scales? Each of these questions will need to draw together previous research findings from across the four categories of research used to frame this review.
Environmental markets, particularly as far as they pertain to carbon markets and renewable energy, are high profile and critically important features of the climate change mitigation policies of many governments around the world. Forests feature prominently in these markets: either as feedstock for bioenergy, as offsets in carbon markets, or because forests are such important components of how so many people relate to the natural environment. Moreover, the role of forests in environmental markets involves complex issues that need to be considered on appropriate scales. It is too simplistic to suggest that international-and national-level environmental policy should in principle promote 'more forests', or that 'what is good for forests is good for the environment'; regional issues and the suitability of environmental market policy to outcomes and impacts on forests at regional and local scales needs to be considered. One advantage of well-designed certification schemes is that these sorts of scale considerations can be incorporated such that the market pays more for forest-related products (including timber, biomass and offsets) that are produced from forests managed appropriately at these scales. This review has highlighted that more research is needed on how to best design such certification schemes. 
